JEuropaisches Patentamt 
European Patent Office 




Office europeen des brevets 



© Publication number: 0 433 915 A1 



® EUROPEAN PATENT APPLICATION 



® Application number: 90124256.0 ® Int CIA C03C 17/25, C04B 41/50, 

_ C23C 18/12 

© Date of filing: 14.12.90 



% Priority: 20.1^89 JP 330075/89 


0 AppGcant CENTRAL GLASS COMPANY, 


(43 1 Dsfo nf nt tKlif^siHnn nf annli/^afinn* 


t IMITCn 


OfcOJi waza wiuuDe 


/^B'dfi^VBul latin 


UDe^ny Tainagucni*pr6T.(Ur} 


uesiQnaiea uonuacnng otaces. 


v^/ Inventor YamazaKi, seizt 


DE FR GB IT 


No. 1527-2, Okuroda-cho 




Matsusaka Ctty(JP) 




Inventor Makita, Kensuke 




No. 150-13, Node, Ureshlno-cho 




Ichishhgun, Mie Prefecture(JP) 




Inventor Moriguchi, Yasuo 




No. 1314*2, Inagi-cho 




Matsusaka City(JP) 




Inventor Tanaka, Katsuto 




No. 1527-2, Okuroda-cho 




Matsusaka Clty(JP) 




® Representative: Dipl.-Phys.Dr. Manitz 




DlpL-lng.DlpL-Wlrtsch.-lng. Rnsterwald 




DIpL-Phys. Rotermund DipL-Chem.Dr. Heyn 




B.Sc.(Phys.) Morgan 




Robert-Koch-Strasse 1 




W-8000 MUnchen 22(DE) 



0 Method of forming metal oxide film by using metal atkoxide solution. 



® The invention relates to a sol- gel m etfiod for 
forming a metal oxi de film. e,g. (jl^jRIm^ TlOg- 
Si02 film, on a substrate by applying a solution , of at 
^ least one metal alkoxid e to the substrate to form a 
^ sol film on the substrate, drying the sol film to cause 
^ it to turn into a gel film by hydrolysis and baking the 
O) gel film. According to the invention the viscosity of 
^ the metal alkoxide solution is adequately increased, 
CO preferably to 3-30 cP at 20* C. by the addition 5f a 
^ combination of a hydroxypropyt cellulose of which 2 
Q wt% aqueous solution has a viscosity of 150-400 cP 
at 20*C and another hydroxypropyl cellulose of 
i7j which 2 wt% aqueous solution has a viscosity of 6- 
10 cP at 20 'C. Metal oxide films formed by this 
method are free from minute cracks and excellent in 



opticai characteristics and durability. By this method 
It is possible to form a metal oxide film as thick as 
about 300 nm without repeating the application of 
the alkoxide solution to the substrate. 
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METHOD OF FORMING METAL OXIDE RLM BY USING METAL ALKOXIDE SOLUTION 



This invention relates to a method of forming a 
metal alkoxide film on a substrate by a socalted 
sot-gel method using a metal alkoxide solution, and 
more particularly to the addition of a viscosity 
adjusting agent to the metal alkoxide solution. 

It is well known to form a metal oxide film 
represented by titanium oxide film on a substrate 
such as a glass plate by a sol-gel method, i.e. by 
applying a metal alkoxide solution to the substrate, 
converting the alkoxide sol film on the substrate 
into a gel film by hydrolysis and then baking the 
gel film. Recently practical applications of this 
method have been increasing for forming metal 
oxide coating films for electronical, optical or or- 
namental purposes. 

in forming a metal oxide film by the sol-gel 
method it is important to use a metal alkoxide 
solution having an adequate viscosity for both the 
productivity of the film forming process and the 
quality of the obtained film. In this regard U.S. PaL 
No. 4,397,666 proposes to add a water soluble 
cellulose ether such as hydroxypropyi cellulose as 
a viscosity adjusting (increasing) agent to a silicon 
alkoxide solution. However, even though this pro- 
posal is employed it is not rarely that the obtained 
oxide film has minute cracks which are probably 
attributed to shrinkage of the gel film during bak- 
ing. 

By the sol-gel method it is not easy to form a 
relatively thick film of a metal oxide, viz. a film 
having a thickness of about 200-300 nm. The thick- 
ness of the obtained oxide film depends on the 
thickness of the initially formed sol film, and if an 
alkoxide solution having a very high viscosity is 
used in order to form a thick sol film it is difficult to 
obtain an oxide film of good quality. In this regard 
QB-A 2.208.874, which relates to the use of a 
chlorine containing titanium alkoxide to form a 
titanium oxide film by the sol-gel method, shows to 
repeat the steps of applying an alkoxide solution to 
a substrate, drying the alkoxide sol film on the 
substrate until a gel film having a desired thickness 
is formed. By this method it is possible to form a 
metal oxide film having a thickness of about 200- 
300 nm and fairly good quality, but the repetition of 
the coating and drying operations is unfavorable for 
the productivity of the film-forming process. 

It is an object of the present invention to pro- 
vide an improved method for forming a metal oxide 
film on a substrate by using a metal alkoxide 
solution, by which method an aimed oxide film of 
high quality can easily be formed. 

It is another object of the invention to provide 
an improved method for forming a metal oxide film 
on a substrate by using a metal alkoxide solution, 



by which method a relatively thick film of the 
aimed oxide, viz. a film having a thickness of 200- 
300 nm. can be fonmed without the need of repeat- 
ing the application of the alkoxide solution to the 
5 substrate. 

The present invention provides a method of 
forming a metal oxide film on a substrate, the 
method having the steps of preparing a solution of 
at least one metal alkoxide, suitably adjusting the 
10 viscosity of the alkoxide solution by adding thereto 
. a viscosity adjusting agent, thereafter applying the 
alkoxide solution to a substrate to form a sol film 
on the substrate, drying the sol film to cause the 
sol film to turn into a gel film and baking the gel 
T5 film. The method of the invention is characterized 
in that the viscosity adjusting agent is a combina- 
tion of a first hydroxypropyi cellulose of which 2 
wt% aqueous solution has a viscosity in the range 
from 150 to 400 cP (centipoises) at 20' C and a 
20 second hydroxypropyi cellulose of which 2 wt% 
aqueous solution has a viscosity in the range from 
6to 10cPat20*C. 

It is preferable to use a mixture of a relatively 
large amount of the first hydroxypropyi cellulose 
25 and a relatively small amount of the second 
hydroxypropyi cellulose, and it is also preferable to 
add a solution of the first hydroxypropyi cellulose 
and the second hydroxypropyi cellulose in an al- 
cohol to the metal alkoxide solution. 
30 By jointly using the above defined first hydrox- 
ypropyi cellulose and the above defined second 
hydroxypropyi cellulose to adequately increase the 
viscosity of the metal alkoxide solution, the forma- 
tion of a sol film by application of the alkoxide 
35 solution to a substrate, strate, the conversion of the 
sol film into a gel film and the baking of the gel film 
can easily and appropriately be accompiised. 
Moreover, by this method it is easy to form a metal 
oxide film which is uniform in thickness, free from 
40 minute cracks and excellent in optical characteris- 
tics and also in durability, and such a good resut is 
obtained with good reproducibility. 

By using the method according to the invention 
it is possible to form a relatively thick film, such as 
45 an about 300 nm thick film, of a metal oxide 
without the need of repeatedly applying the alkox- 
ide solution to the substrate, and the obtained thick 
film is defecttess. 

This invention is applicable to the formation of 
50 coating films of various metal oxides such as, for 
example, TIO2. SI02. ZXO2 and AI203 and mixed 
metal oxides represented by T10j-SI02 on glass, 
ceramic or metal substrates. According to the 
need, a gel film formed by using the invention may 
be patterned by a selective etching method such 
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as. for example, the method disclosed in U.S. Pat 
No. 4,874,462. 

This invention is useful for the formation of 
metal oxide films for various purposes in optics, 
electronics, ornaments, etc. induding selectively s 
reftective films, nonreflective coating films and 
coating films of head-up displays. 

Alkoxides of various metals such as Tl, Si, Zr 
and Ai are useful in the present invention. Usually a 
selection is made from methoxides. ethoxides, pro- ro 
poxides, isopropoxides and butoxides. Typical ex- 
amples are titanium tetraisopropoxide. silicon 
tetramethoxide, silicon tetraethoxide and zirconium 
tetrapropoxide. Also it is possible to use a Cl- 
containing aikoxide represented by MCIy(OR)x (M is 75 
a metal of which the valence is x + y. R is a Ci to 
Cio alkyi or aikoxyalkyl group) such as TiCl4^(0R)x 
(usually X is from 2 to 3.5). When it is intended to 
form a film of a mixed metal oxide, alkoxides of 
two or more kinds of metals are used jointly. 20 

As a solvent for preparing a metal aikoxide 
solution it is suitable to use a lower alcohol such as 
methanol, ethanol, propanoic isopropanol or buta- 
nol. Optionally the alcohol may be mixed with a 
relatively small amount of a different kind of or- 2s 
ganic solvent selected from, for example, hydrocar- 
bons, ketones and acetic esters. Also it is optional 
to add a small amount of water to the solvent. 
Usually it is suitable that the concentration of the 
metal alkoxide(s) in the solution falls in the range 30 
from 0.01 to 2.0 mol/Iiter. For example, in the case 
of dip coating the concentration range of from 0.1 
to 2.0 mol/1 is suitable, whereas in the case of 
using a curtain coater the concentration range of 
from 0.01 to 0.5 mol/l is suitable. 35 

According to the invention the viscosity of the 
metal aikoxide solution is adequately increased by 
the addition of a hydroxypropyl cellulose of which 2 
wt% aqueous solution has a viscosity of 150-400 
cP at 20 C and another hyroxypropyl cellulose of 4o 
which 2 wt% aqueous solution has a viscosity of 6- 
10 cP at 20 *C. Hereinafter tiie former hydrox- 
ypropyl cellulose will be refen-ed to as HPC-M and 
the latter hydroxypropyl cellulose as HPC-L It is 
possible to directly add HPC-M and HPC-L to the 45 
metal aikoxide solution, but it is preferable to dis- 
solve HPC-M and HPC-L in a lower alcohol in 
advance and then add the solution of HPC-M and 
HPC-L to the aikoxide solution. After the addition 
the mixed solutions is stin-ed to obtain a uniform so 
solution. 

It is possible to increase the viscosity of a 
metaJ aikoxide solution by using a different kind of 
viscosity adjusting agent such as methyl cellulose, 
ethyl cellulose or polyethylene glycol. However. 55 
when methyl cellulose or ethyl cellulose is used It 
takes a considerably longer time to fully dissolve 
the cellulose ether in the solvent than in the case 



of using hydroxypropyl cellulose, and a film formed 
by the application of the resultant aikoxide solution 
is liable to crack during drying. When polyethylene 
glycol is used it is easy to accomplish dissoluton 
and mixing, but the drying of a sol film formed by 
the application of the resultant aikoxide solution 
takes a long time and has to be accomplished by a 
heat treatment at a temperature close to 300 'C. 
When the drying is canried out at such a high 
temperature it becomes impracticable to selectively 
etch the resultant gel film to obtain a patterned film 
by the patteming method disclosed in USP 
4,874.462 since the patteming method requires that 
the chemical treatment of the gel film for de- 
composition in selected areas be performed at a 
temperature below 300* C. Furthennore. the gel 
film obtained by drying at high temperature is 
liable to crack during the subsequent baking opera- 
tion. 

When a metal oxide film is formed on a sub- 
strate by a conventional sol-gel method it is not 
rarely that minute cracks appear in the oxide film. 
An important merit of the present invention, i.e. 
adjusting the viscosity of the aikoxide solution with 
a mixture of HPC-M and HPC-L, is that the prob- 
ability of such cracking of the film greatly lessens. 
Presumably the coexistence of HPC-M and HPC-L 
different in viscosities of solutions has the effect of 
relieving the get film under baking from stresses 
induced by thermal shrinkage and consequently 
suppressing cracking of the film. In contrast when 
the viscosity of the aikoxide solution is increased 
by using HPC-M alone it is often that minute 
cracks ranging from 10-2 to lO"' mm in size 
appear in the obtained oxide film particulariy in a 
region adjacent to the substrate surface, and this 
tendency is particularly significant when the afore- 
mentioned patteming method is employed. When 
HPC-L alone is used it is necessary to add an 
undesirably large amount of HPC-L to the aikoxide 
solution for increasing the viscosity of the solution 
to a desired level, and it is difficult to obtain a 
metal oxide film of very good quality. 

In using a mixture of HPC-M and HPC-L It is 
suitable that HPC-M occupies a major part of the 
mixture. More particulariy, with a view to suppress- 
ing or minimizing minute cracking of the obtained 
film, it is suitable that the proportion of HPC-M to 
HPC-L falls in the range from 70:30 to 97:3 by 
weight, and preferably from 80:20 to 95:5 by 
weight 

The total amount of HPC-M and HPC-L in the 
metal aikoxide solution is not strictly limited. Usu- 
ally by controlling the total amount of HPC-M and 
HPC-L within the range from 0.1 to 5 wt% of the 
metal aikoxide solution it is possible to form a 
sufficiently thick film of a metal oxide, viz. a film 
having a thickness of 200-300 nm, by a single 
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process of applying the alkoxide solution to a sub- 
strate, drying the sol film on the substrate until it 
turns Into a gel film and baking the gel film without 
repeating the appiication of the solution. Preferably 
the total amount of HPC-M and HPC-L is not more 
than 3 wt% of the alkoxide solution. From another 
aspect. It is suitable to adjust the total amount of 
HPC-M and HPC-L such that the obtained alkoxide 
solution has a viscosity in the range fi^m 3 to 30 
cP, and preferably from 5 to 15 cP. at about 20* C. 

After suitably increasing the viscosity by the 
addition of HPC-M and HPC-L the metal alkoxide 
solution is applied to a sut>strate by a known coat- 
ing method such as dip coating, spin coating, 
spray coating or roll coating. The material of the 
substrate is not limited. For example, a metal sub- 
strate, a glass substrate or a ceramic substrate can 
be used. In most cases either a dip coating metiiod 
or a spin coating method is preferred because of 
ease of operation and excellence of ttie finally 
obtained metal oxide film particularly in optical 
characteristics. Usually the liquid film on the sut>- 
strate is left to natural drying for several minutes to 
tens of minutes to allow most of the solvent to 
evaporate and to allow the alkoxide(s) to be 
hydrolyzed by water contained in the solution or 
moisture in the atmosphere. After that the film is 
dried by heating at about 100-200' C to convert the 
sol film into a gel film, and the dried gel film is 
baked in air or an alternative oxygen-containing gas 
atmosphere at a temperature above 400 'C to 
thereby obtain a metal oxide film as a coating on 
the substrate. In the case of forming a patterned 
film of metal oxide the gel film is selectively etched 
by a suitable techinique before the baking opera- 
tion. 

The following non limitative examples are illus- 
trative of the invention. 

EXAMPLE 1 

Titanium tetraisopropoxide and silicon 
teti^ethoxide (ethyl silicate) were dissolved in a 
mixture of isopropyl alcohol and a small amount of 
ethyl cellosolve. The proportion of tiie titanium al- 
koxide to the silicon alkoxide was about 80:20 by 
mol. and tfie total concentration of the alkoxides in 
tile obtained solution was about 0.5 mol/liter. Then 
small amounts of water and hydrochloric acid were 
added to the solution, and the solution was well 
stin-ed. Separately. HPC-M (90 parts by weight) 
and HPC-L (10 parts by weight) were dissolved 4n 
etiiyl alcohol, and the obtained solution was added 
to the alkoxide solution. The total amount of HPC- 
M and HPC-L was about 0.35 wt% of ttie alkoxide 
solution. At 20* C. 2 wt% aqueous solution of HPC- 
M used in this example had a viscosity of at)out 
250 cP. and 2 wt% aqueous solution of HPC-L 



used in this example had a viscosity of about 8 cP. 
The mixed solution was stirred for about 3 hr to 
tiiereby obtain a viscous alkoxide solution, which 
had a viscosity of about 6.8 cP at 20 * C. 
5 A cleaned glass substiate was dipped into the 

viscous alkoxide solution and then gentiy putted up 
from the solution at a constant rate of about 4.5 
mm/sec. The viscous liquid film on each side of ttie 
glass substrate was solidified by drying witii hot air 

10 having a temperature of about lOO'C. Next, the 
solidified film on the glass substrate was baked in 
air at about 600 "C for about 5 min to tiiereby 
obtain a TiOe-SiOa mixed oxide film having a thick- 
ness of about 200 nm. 

15 The obtained oxide film was transparent and 
optically uniform. By ot)sen^on with a microscope 
of 400 magnifications ttie oxide film was free from 
minute cracks. This film proved to be very hard 
and firm in the adhesion to tfie glass substrate. 

20 That is. tiie film was subjected to an abrasion 
resistance test (Tabor's test) according to JIS R 
3212. using two abrading wheels each of which 
was tumed under a load of 500 g. After 1000 tums 
of each abrading wheel the amount of a change in 

25 Haze value (AHaze) of ttie oxide film was only 1- 
2%. 

EXAMPLE 2 

30 A mixture of Cl-containing titanium alkoxide, 

TiCloj(OC3H7)3^, and colloidal silica was prepared. 
The proportion of ttie alkoxide to colloidal silica 
was about 85:15 by mol, calculated as oxides. A 
mixture of isopropyl alcohol and a small amount of 

35 ethyl acetate was added to tiie mixture of ttie 
alkoxide and colloidal silica so as to obtain an 
alkoxide solution in which ttie total concenti^on of 
solutes was about 0.55 mol/liter. Separately, the 
HPC-M used in Example 1 (85 parts by weight) 

40 and tfie HPC-L used in Example 1 (15 parts by 
weight) were dissolved in 2-ettioxyettianol. and ttie 
obtained solution was added to ttie alkoxide solu- 
tion. The total amount of HPC-M and HPC-L was 
about 0.4 wt% of ttie alkoxide solution. The mixed 

45 solution was stin^ for about 3 hr to ttiereby obtain 
a viscous alkoxide solution, which had a viscosity 
of about 7.0 cP at 20' C. This viscosity value was 
about 3 times as high as the viscosity value before 
tile addition of ttie hydroxypropyl cellulose solution. 

50 A cleaned glass substrate was dipped into ttie 
viscous alkoxide solution and ttien gentiy pulled up 
from the solution at a constant rate of about 4.6 
mm/sec. The viscous liquid film on each side of ttie 
glass substrate was solidified by drying at about 

55 100* C for about 30 sec. TTie solidified film on one 
side of ttie glass substrate was patterned by ttie 
mettiod according to USP 4.874.48^ That is, ttie 
gel film was selectively etched by ttie steps of 
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applying a viscous liquid containing a decomposing 
agent to the gei film in unnecessary areas by 
screen printing, heating the treated gel film at 
about 200 ' C to harden the film in necessary areas 
and then washing the film with an add solution to s 
remove the unhardened portions of the film In the 
unnecessary areas. Next, the patterned film was 
baked in air at about 600 'C for about 5 min to 
thereby obtain a TIO^-SIO^ mixed oxide film having 
a thickness of about 240 nm. ;o 

The obtained oxide film was transparent and 
optically uniform. This oxide film had a refractive 
index of about 2.10 and exhibited good reflective 
characteristics. By observation with a microscope 
of 400 magnifications the oxide film was free from rs 
minute cracks. By the abrasion resistance test de- 
scribed in Example 1 this film proved to be very 
hard and f\rn\ in the adhesion to the glass sut>- 
strate. 

20 

COMPAfHATIVE EXAMPLE 1 

A mixed alkoxide solution of titanium 
tetraisopropoxide and silicon tetraethoxide was pre- 
pared in the same manner as in Example 1 . Then a 25 
solution of the HPC-M used in Example 1 in ethyl 
alcohol was added to the aikoxide solution such 
that HPC-M amounted to about 0.4 wt% of the 
alkoxide solution. The mixed solution was stirred 
for 3 hr to ttiereby obtain a viscous alkoxide solu- 30 
tion. which had a viscosity of about 8.7 cP at 
20 *C. 

Using this alkoxide solution, the coating, drying 
and baking process of Example 1 was repeated. As 
the result a TlO^-SiO^ mixed oxide film was fornied 35 
on the glass substrate. The oxide film had a thick- 
ness of atjout 230 nm. 

The oxide film seemed to be uniform by ob- 
servation with the naked eye. but observation witti 
a microscope of 200 magnifications revealed the 40 
existence of many minute cracks ranging from 
about 0.01 mm to about 0.5 mm in size in a 
peripheral region of tfie film. The oxide film was 
subjected to the aforementioned abrasion resis- 
tance test In ttiis case 100 turns of each abrading 45 
wheel resulted in 6-8% change in the Haze value 
of the oxide film. 

COMPARATIVE EXAMPLE 2 

50 

A mixed solution of titanium tetraisopropoxide 
and silicon tetraethoxide was prepared in the same 
manner as in Example 1. Separately, 90 parts by 
weight of the HPC-M used in Example 1 and 10 
parts by weight of another hydroxypropyl cellulose 55 
(refen-ed to as HPC-H) of which 2 wt% aqueous 
solution had a viscosity of 1000-4000 cP at 20'C 
were dissolved in 2-ethoxyettianol. and the ob- 



tained solution was added to the alkoxide solution 
such tfiat the total amount of HPC-M and HPC-H 
became about 0.1 wt% of the alkoxide solution. 
The mixed solution was stin-ed for 3 hr to thereby 
obtain a viscous alkoxide solution, which had a 
viscosity of about 30 cP at 20* C. 

Using ttiis alkoxide solution, the coating, drying 
and baking process of Example 1 was repeated 
except that the rate of pulling up the glass sub- 
strate from the solution was changed to about 2.5 
mm/sec. As ttie result a TiO^-SiOz mixed oxide film 
was fomned on the glass substrate. In this case the 
oxide film had a thickness of about 320 nm. 

By obsenration witti a microscope of 20 mag- 
nifications It was easy to find tfie existence of 
minute cracks ranging from about 0.1 mm to about 
0^ mm in size in every region of tiie oxide film. By 
the aforementioned abrading test the amount of a 
change in Haze value of the oxide film soon be- 
came more tiian 10%. 

COMPARATIVE EXAMPLE 3 

The aikoxide solution of Example 2 was modi- 
fied by using polyethylene glycol as a viscosity 
adjusting fincreasing) agent in place of the mixture 
of HPC-M and HPC-L The amount of polyethylene 
glycol was 5 vol% of the alkoxide solution, and the 
resultant solution had a viscosity of atx)ut 8.2 cP at 
20* C. 

Using ttiis alkoxide solution, ttie coating, dry- 
ing, patteming and baking process of Example 2 
was repeated under the same conditions. After the 
selective etching operation ttie get film was still 
relatively soft and on tiie surface of the patterned 
gel film tiiere was a tiace of the screen used in the 
application of the decomposing agent by screen 
printing. The oxide film obtained by baking the 
patterned gel film had many minute cracks which 
could be detected by observation witti ttie naked 
eye. 

Claims 

1. A mettiod of forming a metal oxide film on a 
substi^. the mettiod having ttie steps of pre- 
paring a solution of at least one metal alkoxide. 
adjusting ttie viscosity of the alkoxide solution 
by adding ttiereto a viscosity adjusting agent, 
ttieroafter applying tfie alkoxide solution to ttie 
substrate to form a sol film on the substiate. 
drying ttie sol film to cause ttie sol film to turri 
into a gel film and baking ttie gel film, 
characterized in that said viscosity adjusting 
agent is a combination of a first hydroxypropyl 
cellulose of which 2 wt% aqueous solution has 
a viscosity in ttie range from 150 to 400 cen- 
tipoises at 20* C and a second hydroxypropyl 
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cellulose of which 2 wt% aqueous solution has 
a viscosity in the range from 6 to 10 cen- 
tipoises at 20*C. 

2. A method according to Claim 1. wherein the s 
proportion of said first hydroxypropyl cellulose 

to said second hydroxypropyl cellulose is in 
the range from 70:30 to 97:3 by weight. 

3. A method according to Claim 2, wherein said io 
proportion is in the range from 80:20 to 95:5. 

4. A method according to Claim 1, 2 or 3, 
wherein said combination of said first hydrox- 
ypropyl cellulose and said second hydrox- is 
ypropyl cellulose is dissolved in an alcohol 
before adding the combination to the metal 
alkoxide solution. 

5. A method according to any of the preceding 20 
claims, wherein the total amount of said first 
hydroxypropyl cellulose and said second 
hydroxypropyl cellulose is from 0.1 to 5 wt% 

of the metal alkoxide solution. 

25 

6. A method according to any of the preceding 
claims, wherein the total amount of said first 
hydroxypropyl cellulose and said second 
hydroxypropyl cellulose is such that after the 
addition of said combination the metal alkoxide 30 
solution has a viscosity in the range from 3 to 

30 centipoises at 20 ' C. 

7. A method according to Claim 6, wherein said 
viscosity of the metal alkoxide solution Is in the 35 
range from 5 to 1 5 centipoises at 20 * C. 

8. A method according to any of the preceding 
claims, wherein the metal alkoxide solution 
comprises a titanium alkoxide. 40 

9. A method according to Claim 8. wherein the 
metal alkoxide solution further comprises a sili- 
con alkoxide. 10. A method according to any of 

the preceding claims, wherein said substrate is 45 
a glass substrate. 
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